Azadirachta indica (neem) is a tropical and semi-tropical tree native to the whole Indian subcontinent. Neem leaves are rich in flavonoids, which exhibit important pharmacological activities targeting almost all human organs. In order to produce a purified extract of neem leaves enriched of antioxidant and antidiabetic flavonoids, the ethanolic extract of neem leaves has been further undergone to liquid-liquid extractions by using three different organic solvents, i.e. dichloromethane, n-butanol and ethyl acetate. Qualitative and quantitative analyses were performed on the extracts obtained by thin layer chromatography (TLC) and high performance liquid chromatography (HPLC). Astragalin, quercitrin, isoquercitrin, nicotiflorin and rutin were the only flavonoids found among those screened. By comparing all HPLC chromatograms of purified extracts as obtained with different solvents, it was found that the qualitative-quantitative composition of flavonoids depends upon the extraction solvent used; in particular, dichloromethane allows extraction of 89.5 % quercitrin, 5.3 % isoquercitrin, 5.2 % rutin; n-butanol allows extraction of 6.0 % isoquercitrin, 6.2 % nicotiflorin, 87.8 % rutin; ethyl acetate allows extraction of 4.2 % astragalin, 12.0 % quercitrin, 50.3 % isoquercitrin, 6.7 % nicotiflorin, 26.9 % rutin. Thus, depending on the specific purposes and needs, each of these three extraction solvents has the potential to prepare formulations enriched with the most suitable flavonoids composition.
Introduction
Neem is an evergreen, temperature tolerant, flowering plant, native to the whole Indian subcontinent, which can be found growing in a lot of tropical and semi-tropical countries located in the equatorial belt. Botanically it is classified as a member of the family Meliaceae, under the latinised name Azadirachta indica A. Juss (A. indica). This name derives from the Persian words "azad" (free), "darakht" (tree) and "i-hind" (of Indian origin), which literally mean "the free tree of India" [1] . All part of the neem tree (root, bark, leaves, flowers, seeds and fruits) are used to treat or prevent a wide range of diseases [2] . Neem leaves are considered the most versatile part of the plant and contain several natural compounds, showing many biological activities, exploited to treat various diseases and disorders, by including sexually transmitted disease pathogens, HIV/ AIDS and cancer [2, 3] .
Flavonoids have existed for over one billion years in vegetables and possess wide spectrum of biological activities [4] . These polyphenolic compounds are present both in the aqueous and ethanolic leaf extract of neem [5] . In particular, the content of total flavonoids in different crude extracts prepared from neem leaves is in the range of 61.5-529.5 mg/100 g powder sample [6] . Some studies show that the ingestion of flavonoids reduces the risk of cardiovascular diseases, metabolic disorders, and certain types of cancer. These effects are due to the physiological activity of flavonoids in the reduction of oxidative stress, inhibiting low-density lipoproteins oxidation as well as platelet aggregation, and acting as vasodilators in blood vessels [4] . Dini et al. found that the hydro-alcoholic extract of A. indica leaves prevents streptozotocininduced intestinal ileal and pancreatic islet lesions, ameliorating the hepatic glycogenosis, pancreatic and liver oxidative status of diabetic rats [7] [8] [9] . These in vivo-observed biological activities could be due to the presence of flavonoid compounds in the extract, especially those exhibiting antioxidant and antidiabetic properties. Therefore, with the prospect to produce drugs, food supplements, cosmetics and other products based on the purified neem leaves extract enriched with a specific composition of these flavonoids, the ethanolic leaf extract of A. indica underwent further liquid-liquid extractions by using three different organic solvents with an increasing Rohrschneider and Snyder solvent polarity parameter, i.e. dichloromethane < n-butanol < ethyl acetate [10] , chosen among those exhibiting no safety concerns when used as a flavouring agents in food and beverage industries [database of FAO/WHO Expert Committee on Food Additives (JECFA); PubChem database of National Institutes of Health (NIH)]. Qualitative and quantitative analyses were carried out on each extract by using thin layer chromatography (TLC) and high performance liquid chromatography (HPLC). The chemical characteristics and main biological activities of the investigated flavonoids are summarized in Table 1 .
Materials and methods

Collection and extracts of A. indica leaves
Mature fresh leaves of A. indica (A. Juss) were collected in the premises of the University of Ilorin, Mini Campus, Nigeria, between June and August 2007 (a sample of the collection was identified and compared with the voucher specimen at the herbarium of the Botany Department of the same University, Voucher No. 542). These leaves were air-dried at room temperature (RT) and extracted by percolation as described in 1999 by Chattopadhyay [17] . Briefly, a total of 2 kg of the dry leaf powder was extracted at RT by using 70 % ethanol (v/v in bi-distilled water); the alcoholic solution was filtered with Whatman No. 1 paper and concentrated under vacuum by using a Buchi Rotavapor R-114 (Buchi, Switzerland) at 50 °C (bath temperature); the concentrated solution was dissolved in bi-distilled water and filtered with Whatman No. 1 paper; the filtrate was concentrated by using a rotavapor set at 50 °C (bath temperature). The final yield (about 120 g) was a dark-brown sticky mass, which was stored at 4 °C. About 3 g of A. indica leaf extract were solubilized in 50 ml of bi-distilled water and placed into a 200 ml separating funnel to undergo multiple liquid-liquid extractions by using three organic solvents with an increasing Rohrschneider and Snyder solvent polarity parameter (P′), i.e. dichloromethane (P′ = 3.1, according to Menet and Thiebaut [10] ; CAS number: 75-09-2), n-butanol (P′ = 3.9, according to Menet and Thiebaut [10] ; CAS number: 76-36-3) and ethyl acetate (P′ = 4.4, according to Menet and Thiebaut [10] ; CAS number: 141-78-6), chosen among those exhibiting no safety concerns (degree of safety: n-butanol > ethyl acetate > dichloromethane) when used as a flavouring agents in food and beverage industries (database of JECFA available at URL: http://apps.who.int/food-additives-contaminants-jecfa-database/search.aspx; PubChem database of NIH available at URL: https://pubchem.ncbi.nlm.nih.gov/). Three consecutive extractions were carried out for each solvent used, by adding 50 ml of solvent every time.
To identify the flavonoid compounds, the hydro-alcoholic A. indica leaf extract was solubilized in bi-distilled water and analysed by thin-layer chromatography (TLC). Whereas, to quantify the flavonoid compounds, 610.521 Decrement in plasma glucose, augmentation in insulin levels, and restitution of glycogen content and glycolytic enzymes in streptozotocin-induced diabetic rats [16] the initial hydro-alcoholic extract, the three organic phases obtained as a result of the various differentiated extractions and the remaining aqueous phase were analysed by high-performance liquid chromatography (HPLC).
Thin-layer chromatography (TLC)
Using two different glass capillaries, a spot (about 10 μl) of the aqueous solutions (60 mg/ml in bi-distilled water) containing the A. indica hydro-alcoholic leaf extract or the standard flavonoid reference mixture 
High-performance liquid chromatography (HPLC)
HPLC chromatographic analysis was carried out at RT by using a Hewlett-Packard 1100 Series HPLC System (Hewlett-Packard, CA, USA), consisting of a binary pump based on the high-pressure mixing principle and a detector consisting of a UV-visible spectrophotometer with a variable wavelength. The injections were made by using a Rheodyne HP 7725 manual injector with a 20 μl sample loop (Rheodyne, CA, USA). The type of HPLC column used was the Lichrospher RP-18 (Supelco/Sigma-Aldrich, PA, USA) 250 mm × 4.6 mm (i.d. = 5 mm), with a stationary phase C18. Data provided by this system was collected and processed by using HP ChemStation software for LC systems (Agilent Technologies, CA, USA). A flow of 1 ml/min was used and the UV detector was set to a wavelength of 366 nm. Five HPLC injections were performed (30 min in total for each run) by using acetonitrile with 0.1 % formic acid and water for HPLC (bi-distilled with Millipore Milli-Q Plus ZD5211584) with 0.1 % of formic acid (JT Baker, Avantor Performance Materials LLC, PA, USA) as organic (A) and aqueous (B) solvents of mobile phase, respectively. Changes made in the mobile phase composition during the HPLC run are summarized in Table 2 .
Six solutions of standard flavonoids (1000, 500, 250, 100, 50, 25, 0.1 μg/ml of methanol) were prepared and subjected to HPLC analysis. The calibration curves were constructed by plotting the average peak areas vs. the concentrations of standard flavonoid. The chromatogram for the blank solvent was subtracted from sample chromatogram to correct the background error. Finally, the quantity of each detected flavonoid was determined using the regression equation (y = ax ± b), where x is the concentration (expressed in μg/ml or ppm) and y is the peak area of each flavonoid derived from the calibration curve of each respective standard. The linearity was established by the coefficient of determination (R 2 ).
Statistical analysis
Data were analysed by performing one-way analysis of variance (ANOVA) at the 95 % confidence level. P-values less than 0.05 were considered significant. Data are reported as mean ± standard error (SE) of five independent experiments each one done in duplicate.
Results and discussion
The TLC running with the hydro-alcoholic A. indica extract and pure standard flavonoids in co-chromatography indicated that astragalin, quercitrin, isoquercitrin, nicotiflorin and rutin were the only flavonoids found in the hydro-alcoholic extract among those screened (Table 3 ; [17] ).
Flavonoids were identified by matching both HPLC retention times (t R ) and their spectral characteristics against those of standard references. As shown in Table 4 , the differences (%) between the t R mean value of standard references vs. the t R mean value of different extracts never exceed 1.15 %, therefore fully in accordance with the European Commission Decision 2002/657/EC implementing Council Directive 96/23/EC about the performance of analytical methods and the interpretation of results, which suggests that "The ratio of the chromatographic t R of the analyte to that of the internal standard, i.e. the relative t R of the analyte, shall correspond to that of the calibration solution at a tolerance of ±2.5 % for liquid chromatography".
The content of each flavonoid has been determined by using calibration curves (not shown). By comparing the HPLC chromatograms of purified extracts obtained with the different solvents, it was found that the qualitative-quantitative composition of flavonoids is dependent on extracting solvent (Fig. 1 ). This outcome is in accord with the finding of Anokwuru et al. [18] , who showed as the amount of flavonoids is dependent on the solvent used for extraction. The flavonoid concentrations in ppm for each extracting solvent used are reported in . Each of these flavonoids is an antioxidant and/or antidiabetic agent (Table 1) . Since for each extract varies both the concentration and the type of flavonoid present, the extent of these biological activities is predicted to vary accordingly. For the same ethanolic extract of neem leaves herein prepared, both antidiabetic and antioxidant properties have been already demonstrated in mice [7] [8] [9] . In 2011 Bhat et al. [19] found that the chloroform extract of A. indica, when administered for up 21 days to diabetic mice, induces: (i) a gradual decrease in fasting glucose level and a significant weight gain comparable to the control, indicating an increase in muscle mass; (ii) normalizes both the plasma insulin and c-peptide levels; (iii) as also happens with the aqueous extract, inhibits intestinal glucosidases; (iv) an increase in both liver and muscle glycogen content, as well as of the activity of islets producing insulin. In addition, is well tolerated when administered orally, showing an IC 50 of 7.5 mg/ml. Flavonoids and other phytochemicals like alkaloids, sesquiterpene and saponins, polysaccharides, dietary fibers, ferulic acid, tannins, limonene, and oleuropeoside have direct or indirect effect in diabetes pathways as enzyme inhibitors. The most involved mechanisms are inhibition of intestinal α-glucosidase and α-amylase, lens aldose reductase, oxidative stress protection, inhibition of formation of advanced glycation end products, inhibition of aldose reductase, lowering plasma glucose levels, altering enzyme activity of hexokinases and glucose-6-phosphate (G6P), synthesizing and releasing of insulin, postprandial hyperglycemia inhibition, stimulation of the glucose transporter type 4 (GLUT-4), decreasing activity of G6P, lowering the level of skeletal hexokinases, etc. [17, 20, 21] . The molecular bases of many diseases, by including diabetes, are known to involve oxidative stress caused by free radicals. Most of the studies reveal the inference of oxidative stress in diabetes pathogenesis by the alteration in enzymatic systems, lipid peroxidation, impaired glutathione metabolism and decreased vitamin C levels [22] . Oxidative stress plays also a role in the development of complications of both types of diabetes mellitus [23] . Sithisarn et al. [24, 25] assessed neem leaves, fruits, flowers and stem bark extracts for their antioxidant activity and inhibition of lipid peroxidation in ChaGo K-1 cancer cells for up 24 h. Leaf aqueous, flower and stem bark ethanol extracts exhibited higher free radical scavenging effect on the 1,1-diphenyl-2-picryl hydrazyl (DPPH) assay with 50 % scavenging activity at 26.5, 27.9 and 30.6 μg/ml, respectively; the total antioxidant activity of these extracts was found to be 0.959, 0.988 and 1.064 mM of standard 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox), respectively. At 100 μg/ml, the flower ethanol and leaf aqueous extracts significantly decreased malondialdehyde (MDA) levels (46.0 and 50.6 %, respectively), such as detected by the thiobarbituric acid reactive substances (TBARS) method. The same authors speculated that flavonoids might play a role in all these observed antioxidant activities. In 2011, Choudhary and Swarnkar [26] , by analysing both leaves and stem bark of A. indica, have provided evidence-based data that the DPPH radical scavenging activity is positively correlated with the total phenolic content and that superoxide radical scavenging activity increases with increasing flavonoids content. The underlying molecular mechanism remains poorly understood, therefore needs further investigation.
Conclusions
Azadirachta indica can be regarded as a valuable plant source in paving a frontier in the field of drug discovery [27] . Even though different parts of this plant have been studied and reported to contain many bioactive compounds that are exploited to treat various diseases and disorders [2, 3] , the current research shows that: i. in accord to the chemical analysis performed by Chattopadhyay in 1999 [17] , astragalin, quercitrin, isoquercitrin, nicotiflorin and rutin contained in the ethanolic extract of A. indica could contribute to its antihyperglycemic/hypoglycemic effect. Thus, these flavonoids, in association with their antioxidant property, could be employed as an alternative source of medicine to mitigate/counteract the pathogenesis of diabetes and its complications; ii. by depending on specific purposes and needs, the organic solvents dichloromethane, n-butanol and ethyl acetate could be used like extracting solvents to prepare drugs, food supplements, cosmetics and other products that are based on the purified neem leaves extract enriched with the most suitable flavonoids formulation.
In addition, by considering the huge market of the formulations based on the neem leaves in the world, HPLC could be used as elective analytical technique to unmask herbal formulations containing A. indica of poor quality if already on the market, as well as to perform qualitative investigations regarding other products still to be marketed [28] .
